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ABSTRACT cDVa 

•".m«rn,y of selecied hum^ " ' „f " k'^"** a 
•nflammaiion as well as wi/i. !^ signiHcanc* i„ 

human blood roiu m " «P»«sed in " 

wnes, DNA binding orotPinc I ^«'^ed cyrokines. chpm^ 

ferritin ligh, chain, and ^ " "^"•"^MoproieiM J I 

identified as exptTSe^mrr"^ "is^u.a^^e^i 
•« compared with inflamma^Tl"'^'" 

aTalS'''"""«-'"''-^ir&^^ -"^^^ 



The recently described cDNa^ ^ — 

nology allow<: «.vo, '^^'^A microarrav or DNA.-^r 

in another study using a imn '^ *^^'"''^>'o^48 genes rj) 

cDNAprobes^i^arldfromlNl ''^^^'^ USt^n"^; 
"..onof ,hecD^;™rth^j''n,que is used in tlTp^^ 

y^js and the relative abundance nf c ° '"^ comparative anal 
M'croarrays can be consSSd r^^^^ 
'n'erest, a cDNa lihr,^ ^^^^ ^P^ific cDNArtV h 



•nflammaiion of the io m u " '^'^•""a'oid arihriris i f 

This nor!! '"^irix (7). '*^^"*^0'nponenisof 

diseased R A , '^^"'°" ^"^'«is in ce Is of . and 
. ..-efwa'slrdS^^^^ 
croarray method to ana L ""'""^"^ 'he utility of !h.^^ 

Mi METHODS 
TsS f ^S"£'oTSVr ap- 

repetitive sequences PnW °^ '<*eniity to relaierf m 



"he pubJicaiion costs of rhic 
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Ahh7^~~'- ■ '^UQS were 

Abbrcviaiions: Ra 

"««allopro,e,„ Jfw'n^S^ 'LJ convening en^yinr PUM^"'*' 

protein. °' "«""oproieinase; MCP ,J^*'„ dismuiase; TIMP. 
^"0 whom reorin. '""crophage chemotaaic 

Roche Bioscie7«Jt?r^f'l?"K»'e ^nt at the nr^ ^ . 

• -^1 H.Hv.ew Avenue. Palo'AS^;^'^^; 
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amplified produce ranging from 02 ,o 1.2 kb ai concentrations 
of] or less. No significant difference in the signal levels was 
ob^rved within this range of target size and orl with 0.2 ,S 

sample (data not shown). In this stud>- the average leneih ofihe 
targets was 1 kb. with a few exceptions in the J^c oT^jS^ in 
airaved at a concentration of 1 Mg/^l. Normally one PCR prt 

videdsuffiaem material tofabricateuptolOMmicroarrav target 
In considering positional effects in the development of the 
■argets for the microarrays. selection was biased toward 1 3' 
proximal regions, because the signal reduced if the tareet 
^gment was biased toward the 5' end (data no. shown) ^h^ 
result was anticipated since the hybridizing probe is Dreoared hv 
reverse transcription with oligo(dT)-prime7mR^ A rnShe 
n 3 proximal sequences. Cross-hybridizations of protes ,o 
.argets of a gene family were analyzed with the mat?i me.al 
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loproteinases as the example because ihev can «h«„. 
sequence identities of greater ihan 7ol^ With ^ i -"'""'"^ 
Col-l)andcollaBenase.^frni->\„! " collagenase-1 

homology. For members of a eene famiU- two or more 

oSn^"'"' discriminate between sp^Sw 

of signal versus cross-hvbridization i-pccuicity 

Rr,ki'r7 Expression in Culiuml Cell Lines In 
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I. Cytokines 



II. CAwAnoV ^t^r:^. 
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irally ,h«e cells, when triggered by an immunoeen. produce the 
proinflammairoy cytokines TNF and IL-l. We haveTld Hp 
monocyte cell line MM6 and ntonhored chan.es in gene^'r^ 
s.on upon act,vai.on with LPS endotoxin, a component of G^m 
negative baaerial meinbranes. and PMA. . 
action of LPS on TNF production (15)^nK^ augments the 
different times after indu'a^nTdTd fo^^SNTorT^f " 
aration. From this time course it wTclear tai t5f^ 
i;;^ mduced within ,5 minoftreatrnSh"^ S^^^^^^ 
m hr^ remained high until 4 hr and subsequently deS^dTF? 
s^ch ^ZTal'JfuT''^ also transienttv Sfed; 
faaor^GoJA P 8"n"locyie colonv-s.imulating 

lactor (GCSF). Prominent chemokines activated were II S ^1? 

and Groa or melanoma growth siimulainrv fo,*»« w- 

expression patterns are consistent with reponed naT.^I. r 
activation of cenain LPS- and PMA-inducTgent (1 Dem 
onstrated here is the unique ability of this svstem to niil T', 
v.suali.tion of a large nLber oKSSr^peSo; 

carrgS;.^';^^:;^^^ 

ulation with TNF and IL-] in the expression o MM^s fg Tn 
(Gel) A, putative me.alloproteinase (PUMP)-! mernbra^e- 
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lype matrix metalloprotcinase tissue .nhik;, 



A. Humon synovtnl MbrobJasts 



B. Human articuUir chondrocytes 






of fluorescent scans corrr^nnnrf f'scudocolor representation 

compared with time zero. <""lereni iimc points 



fetal caH^^.r^ J <^"''"re«l in (he presence of 10^. 

between a^iandl^T^^^ ' comparative calibra.iontik 
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signal. Treatmeni more so with PMAanrf II , u 
L-l. produced a dramatic ui^reg^ S ' 
several genes in both of these DrimL ?, "Pi-ession of 
are as follows: the cytoSfH ' '^''f^ Ti^^se ,e„e. 

Gro-la a„d,heMMPs:S.rom-l Con cT^^'^T ^^'^ ^"^ 
he adhesion molecule, vascular « , 5.. 
(VCAM-1). The surprise again |s HMp 1 
primary cells, for rea^nsdiiuLd above F^^^^ in ,hese 
the expression profiles of svnovScv,er/„w ^ """^ 
appearverysimilar: the different e mo'' '"^ chondrocytes 
quahtaiive. Treatment of the priSar' w''"^"'"^''"^'^ 'han 
anabolic growth factor TGF-flhadT" chondrocytes with the 
" P™d"«d a remarkable down lulZ'"r P™*^'^ '"a' 
'"both the untreated and induced staL.F^!?" ''P'^'^ 

Given the demonstrated effSe ''1^ 1^!- ^• 
comparative analysis of two diSnMnf '^^hnology. a 
states was conducted with probes mad. / ""S""-^' '^''^^^ 
IBD samples. RA samples weVe from Le°'" '"'^ 
synovia tissue, and IBD specimens wJrl T^' rheumatoid 
flamed lower intestinal mucosaTf n"., ^^O'" in- 

Wiih both the 96-elemTn, knni'^ "'''^"'' Crohn disease 
1000-gene -icroarrav o "c DNTsefe^T.^^^^^^^^ ^"" 'he 
human blood cell liWarvp) disHn^ h-^;""" " P^^P^erai 
expression patterns were ^vSn. On ^L oi"""^ in gene 
'issue samples from differen af?Jct?d inH- ^t^'"' ^^'^^ 
profiles (data nor shown) a S dfr? '"^^ 
same individual (Fig. 5). These Dat.irnc """P'" ^r"'" 'he 
10 those observed wilh LnZ. P^"^'^"^ were noiablv similar 
(Rg. 4). Included he i TS"'*^^^^^^^^ ^"^ chondr ™v .e 

iL-6. the MMPs sirrro;Td;yA':^^„^^^^^^^ 

- B inm.n„„3:3.. ^^^^^^^ 




-RK^U^RSrcL" pS°oL^^^^^^ ''^) and ,BD (/,) 

wilhoui scrum for 2 hr (Ra 7t\a\ r ' °^ mainiained in culiur,. 
^ron, .issue samples of two oll^i °' ^' 2UC) Profit 

"clorc mRNA preparation. 
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fenain samples PUMP ttiud 

jMPO.and'iheadhe^onm^SeeS^^^ ^•^"'-^ and 
Of ™^ophage chemotactic pr?,:i^''f levels 

r,^r^.'*'"*^^'^""o>ed.IBDsamM« and 
tTmV,"""*"^" ^"houeh lL.l1o P'"r""'"^°'"Pariso„. 
iIMP-l. and MIF were nni,Ki • *^°"**'^"ng enzvme 1\CP\ 
samples examined he" ^^^^i^"/" ""^ differen JS^- 
samples. ICE. VCAM. Groa and MMp' °^ '"'^'^'dual 
pronounced than in the others "Passion 

^'as more 

inflamed tissues from the cir^' i " ^P*"*^''" 'nfiliraiinc the 
element array of randomlv S:d?^^^r; '"e "wb! 
prob«madefromRAanJlS)simn?^ from this librarv. 
'o a large number of eenes Of ?kP "''°^'='* hybridizations 

between the two diseaseSeswh i '.; c"n"non 
expressed (data not shown) a c„m^ *"e differentiaHv 

was beyond the scope of this rHP '.""'"*^' °^ 'hese gene 
picked three genes that were unr'' 'h'^ repon w" 

relative ,o IBD. These cDNA?we"refe''''' '"^ , issue 
by comparison to the GenBani h "1"'^nced and identified 
apoferritin licht chain 30^ ^ ''"'^hase. Thev are TIMP 1 

served in samples of RaSuI ' ni ^^s onlv oh! 

The soeed DISCUSSION 
^i"ere''n,ia,- e^Jesstn ^f'^t?, ^"'.aneously monitoring 
miCToarray based svstem {l-St ^J """h 'he cDNA 
analysis of a complex dLses -rh '^^r""'"'*" here in the 
'.vpes in the Ra tiLe: r^^crooh^t^^^ ^\ ^'"^ *«^^^rem i„ 
neutrophils. synoviocvt« chondrnS', ^'"P^*^''^- P'asma cells 

firming earlier observations on ih^ ^^ ^""dated by con- 
monocyte cell line MM6 and of rLn "^'?''"" by th" 

Chondrosarcoma cells and anSr cho„H^°'-^ "P^«^'°" he 
"ne-dependeni survev the chmnoi. 12)- »n our 

Earlier reports of cviokine nrZi ^ chondrosarcoma cells, 
established a model in Which TOF"Lr^ 
lis expression reportedly preceded , h,f T^J^^ Participant in RA 

effector molecules (4). Ou^r^i stron l^ 
as demonstrated in the time cour^ T^^^ '"PP°" 'hese results 
inducion preceded iha of n i il^ MM6 cells where TNF 
GCSF These expreLion ^rofite TJt'^, ^ 'L-6™d 

microarrays in deiermininnThl k ""'""a'c 'he mility of the 

In .he SW]35.^ chS^.^^J^'^,^^^^^^^^^ of signaling eveni 
pMPs were examined ShTnpn t '"'he known MMPs and 
discovered, which previo^fv had u^^ "^E expression was 

s romal cells and alveolar macronJi ,"*^'"^*' «nly the 
placental tissue Its nretn? P °^ smoker's lunes and in 
ingful because its acS^:"«"^ °' «^ •'^''et m^i" 

elas.inandbasementS.anerorJ'^"'"'^ 

Profil.^ of synovial fibrous andT"'r''''^'''> E«Pression 
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the MMPs, but chemokines and cytokines were also produced hv 
these cells. The effea of the anabolic growth faaor TGF-p was 
profoundly evident in demonstrating the down regulation of these 
catabolic activities. 

RA tissue samples undeniably reflected profiles similar to 
the cell types examined. Active genes observed were IL-3, IL-6 
ICE, the MMPs including HME and TIMPs, chemokines IL-S 
Groa, MIP, MIF, and RANTES, and the adhesion molecule 
VCAM. Of the growth factors, fibroblast growth factor )5 was 
observed most frequently. In comparison, the expression 
patterns in the other inflammatory stale (i.e., IBD) were not 
as marked as in the RA samples, at least as obtained from the 
tissue samples selected for this study. 

As an alternative approach, the 1046 cDNA microarray of 
randomly selected genes from a lymphocvte librarv was used to 
identify genes expressed in RA tissue (3). Many genes on this 
array hybridized with probes made from both RA and IBD tissue 
samples. The results are not surprising because inflammatory 
tissue is abundantly supplied with cell types infiltrating from the 
drculaiing blood, made apparent also by the high levels of 
chemokine expression in R A tissue. Because of the magnitude of 
the effort required to identify all the hybridized genes, we have for 
this report chosen to describe only three differentiallv expressed 
genes mainly to verify this method of analysis. 

Of the large number of genes observed here, a fair number 
were already known as active participants in inflammatorv dis- 
ease. These are TNF, IL-1, IL-6, IL-8, GCSF. RAISTTES', and 
VCAM. The novel participants not previousK reported are 
HME, IL-3, ICE, and Groa. With our discovery of HME 
expression in RA, this gene becomes a target for drug interven- 
tion. ICE is a cysteine protease well known for its IL-1 0 process- 
ing activity (18), and recognized for its role in apoptotic cell death 
(19). Its expression in RA tissue is intriguing. IL-3 is recognized 
for its growth-promoting activity in hematopoietic cell lineages is 
a product of activated T cells (20), and its expression in synovio- 
cytes and chondrocytes of RA tissue is a novel observation. 
Like IL-8, Groa, is a C-X-C subgroup chemokine and is a 
• potent neutrophil and basophil chemoattractant. It down- 
regulates the expression of types I and III interstitial collagens 
(21, 22) and is seen here produced by the MM6 cells, in primary 
synoviocytes, and in RA tissue. With the presence of RANTES 
MCP, and MIP-lj3, the C-C chemokines (23) migration and 
mfiltration of monocytes, particularly T cells, into the tissue is 
also enhanced (5) and aid in the trafficking and recruitment of 
leukocytes into the RA tissue. Their activation, phagocytosis, 
degranulation, and respiratory bursts could be responsible for 
the induction of MnSOD in RA. MnSOD is also induced by 
TNF and IL-1 and serves a protective function against oxida- 
tive damage. The induction of the ferritin light chain encoding 
gene in this tissue may be for reasons similar to those for 
MnSOD. Ferritin is the major intracellular iron storage protein 
and it is responsive to intracellular oxidative stress and reactive 
oxygen intermediates generated during inflammation (24 25) 
The active expression of TIMP-1 in RA tissue, as detected by 
the 1000-element array, is no surprise because our results have 
repeatedly shown TIMP-1 to be expressed in the constitutive 
and induced states of RA cells and tissues. 

The suitability of the cDNA microarray technology for 
profiling diseases and for identifying disease related genes is 
well documented here. This technology could provide new 
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targets for drug development and disease therapies, and in 
doing so allow for improved treatment of chronic diseases that 
are challenging because of their complexity. 
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